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formalin, immersed in 2% agarose, and subjected to paraffin embedding. The eintmddde
blocks were sectioned, dewaxed, and rehydrated. Apoptotic cellsletected using thie situ
cell death detection kit. Following the terminal deoxynucleotidyl transéer@action, fast red
substrate was added for color development. Slides were then washed and skaedgiteous

mounting medium.

DNA fragmentation analysis

To determine whether J82 cells undergo DNA fragmentation following frankinoénse

treatment, 2x10J82 and UROtsa cells were seeded in 60 mm tissue culture plates in their
growth media, incubated overnight for adherence, and treated with a 1:1,000 dilution of
frankincense oil in growth media. Cells were harvested at 0 (untreated control), 1, 3, argl 6 hour
following treatment; and genomic DNA was prepared and precipitated based dadepor
procedures [25]. Quantities of the genomic DNA were determined spectrophitalyet

Aliquots (10 pg) of the genomic DNA were separated on a 2% agarose gel; ohat@sium

bromide stained gels were captured by the Gel Doc 100 system (Bio-Radlekle@A).

Statistics

The results are expressed as mean = SEM from four experiments. Comparigiharud
UROtsa cell survival following frankincense oil treatment were made usirangigvay analysis
of variance (ANOVA) followed by post hoc Dunnett's teBt< 0.05 was considered statistically

significant.
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Table 1. A complete list of genes under each classification is provided in Additlertal fi
Frankincense oil-regulated gene products that function as transcriptiors faefbcycle arrest
and cell proliferation, as well as apoptotic factors showed that frankincemsdumés cell cycle

arrest and apoptosis in J82 cells.

Transcription regulators.Two transcription factors, LOC12629 and EGR1, were immediately
(within 30 min) up-regulated by frankincense oil (Table 2). Another 5 transcriptitovdac
including ATF3, FOS, FOSB, KLF2, and ZNF234 were up-regulated within 1 hour and
sustained for at least 2 hours following frankincense oil treatment. Threeiaosdactors,

KLF4, KLF5, and ZBTB11 were up-regulated by frankincense oil between 1 and 2 hours post-
treatment. The remaining 11 transcription factors (DDIT3, DEDD2, DENR, HE&1,JUN,
JUNB, SNAPC1, TSC22T1, UBTF, ZFP36) were considered to be late respondersehtbedr

expression was altered after 2 hours of frankincense oil exposure.

Cell cycle arrest and cell proliferationSeveral gene products identified as frankincense oil
responsive genes were negatively associated with regulation of cdiatidn and positively
associated with cell cycle arrest (Table 3). Genes that have been ideagifiati-proliferative
genes, including IL8, CLK1, DLG1, KLF4, NEDD9, CDKN1A, IL1A, IL6, and SNFILK were
up-regulated in frankincense oil-treated J82 cells. In addition, DDIT3 along v@itand
CDKNIA being identified to be responsible for cell cycle arrest were @gisregulated by
frankincense oil. In contrast, H2AFX and HDACA4, genes that are responsible fordpisii

and cell cycle progression, were suppressed by frankincense oil. Otheoéfdrgiive genes,
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However, a standard assessment between chemical composition of frankincems&®il a
efficacy in tumor suppression will be required in future clinical trials. In @ddifrankincense

oil was directed added to cell culture media in this study without the inclusioraafiercand
dose-dependent suppression in cell viability was observed in both J82 and UROtsalwells in t
absence of any oil carrier. The absence of carrier eliminatedredependent effects of

frankincense resin extract as reported by Cheetia¥. [4].

Gene expression analysis was terminated within 3 hours following frankincétreatonent,
since isolated RNA quality and quantity were not sufficient for microamnayysis beyond this
time point. We reported a total of 122 up- and 47 down-regulated genes with graat2fold
induction or suppression over the period of 3 hours. These findings suggested very specific
actions of frankincense oil. The genome-wide gene expression analysis suppenms patt
stress, activation of cell cycle arrest, suppression of cell proliferatidractivation of apoptotic
signaling in frankincense oil-treated J82 cells within 1 hours of stimulation oamel af these

processes were sustained for 3 hours.

Based on the temporal regulation of the genes identified by microarray anatmwti€s
analysis, we proposed that frankincense oil induces various death pathways in J8%aeds
of transcription factors were regulated by frankincense oil from between 3GchBhlaours.
EGR1 was one of the few genes that were rapidly up-regulated within tr#0fimsin. Although
EGR1 has been shown to be an early gene that is immediately up-regulated sysitras and
is correlated with DNA repair [28], the mechanism for elevated EGR1 expmdsgi

frankincense oil is unclear. EGR1 has been reported to increase transcription af anothe
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Figure 1



Fold changes in cell survival

Trypan blue positive cells (%)

Figure 2

120

100

80

60

40

20

—@— J82cells
—()— UROtsa cells

E 1,300 1,100 900
= Frankincense oil dilution
—@— J82 cells

—()— UROtsa cells

O

No tmt

1,300 1,100 900
Frankincense oil dilution






¥ ainbi4q

Frankincense oil treated

Untreated

bp

5,000

2,000

1,600
1,000

500

Molecular weight marker

untreated

Frankincense oil

0O 1 3 6 hours





http://www.biomedcentral.com/imedia/1997639419260209/supp1.doc
http://www.biomedcentral.com/imedia/2401090062602088/supp3.doc

	Start of article

